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An Automatic Underwater Velogjniéie 


HE NATIONAL BUREAU OF STANDARDS has 

developed an in:.rument that automatically measures 
the speed of sound in the sea to depths as great as 300 
feet and plots the result as a function of depth or time. 
Martin Greenspan and C, E. Tschiegg of the Bureau’s 
Sound Laboratory designed and constructed the instru- 
ment under the sponsorship of the Office of Naval Re- 
search. Because of its high accuracy and almost in- 
stantaneous response, the velocimeter is expected to be 
a useful addition to underwater signalling and detecting 
apparatus. It should also prove to be a 
research instrument in oceanography. 

The speed of sound in large natural bodies of water 
varies from about 4,600 to 5,140 feet per second. These 
variations occur with changes in temperature and, to a 
lesser extent, with changes in water salinity. Sound 
velocity also increases about 1 foot per second for each 
39 feet increase in depth. Several other factors, not all 
of which are well understood, influence the velocity of 
sound in the sea. 

Sound velocity gradients due to these variables pro- 
duce curvatures in the rays of sound being propagated 
in the sea. In some instances reflections are produced 
if the thermal or salinity gradients are abrupt. as is 
often the case. In current practice an estimate of the 
sound velocity is calculated from the measured tem- 
perature and an assumed salinity. The NBS veloc- 


valuable 


34759455 


imeter, on the other hand, gives an almos 
meter reading of the actual sound velocity. 

The instrument consists essentially of a pair of 
piezoelectric transducers of polarized barium-calcium- 
lead titanate and a reflector mounted to form a sound 
path of fixed length. The sending transducer is con- 
nected to a pulse generator, and the receiving trans- 
ducer provides the input for a high-gain pulse-shaping 
amplifier. The amplifier output retriggers the pulse 
generator. which then applies another pulse to the 
sender. The sender in turn produces in the water a 
sound pulse to actuate the receiver. Thus the system 
continually regenerates a sound pulse whose repetition 
rate, or frequency, depends on the time it takes the pulse 
to move through the water. Since the path length is 
fixed, the frequency depends only on the speed of sound 
through the water and on the circuit delays. Any vari- 
ations in sound velocity are recorded as variations in the 
ope rating fre quency of the velocimeter. 

The electrical pulse applied to the sender has a very 
short rise time, 


antaneous 


and its leading edge is a precise refer- 
ence point for the location of the pulse in time. On the 
other hand, the received pulse is much distorted and 
rises relatively slowly because of selective attenuation 
by the water. The high-frequency components of the 
pulse, which control the rise rate. are attenuated to a 
greater extent than are the low-frequency components. 
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Underwater velocimeter developed by NBS for measuring the speed of sound in the ocean, 


ically indicates variations in sound speed as variations in operating frequency. 
piezoelectric transducers and a sound reflector is lowered into the sea. 
The recorder automatically plots sound velocity 


equipment. 
ocean. Power is supplied through the cable. 


The fast rise is restored by amplification; nevertheless, 
there is introduced an unknown delay equal to the time 
which the received pulse spends be low the noise level. 
This delay, which adds to the various circuit delays. 
depends on the attenuation of the liquid. For this 
reason, the velocimeter must be calibrated and used on 
the same or similar liquids. Since the attenuation 
characteristics of sea water are almost independent of 
salinity, the instrument may be calibrated in pure water 
for which the speed of sound is accurately known as a 
function of temperature. 

The maximum rate of pulse rise at the receiver is 
obtained with a straight path terminated by parallel 
transducers. However, under these conditions a sys- 
tem of multiple echoes exists in the water unless the 
path is inconveniently long. All echoes arising from 
a single primary pulse are self-synchronous: however. 


The equipment automat- 
Left: The brass “fish” containing 
Right: Close-up of the “fish” with accessory 
versus depth as the “fish” descends into the 


because of the circuit delays, they are not synchronous 
with those arising from any other primary pulse, 
These multiple echoes interfere with the proper opera- 
tion of the instrument. 

To eliminate this effect, the pulse path is folded back 
on itself by means of a plane reflector which absorbs 
part of the energy of the pulse. Hard rubber and cer- 
tain plastics are suitable materials for the reflector in 
the case of a 10-cm path. The use of the two-way path 
minimizes errors which arise from the mass motion 
of the water and also makes possible a more compact 
dev ice. 

In recent performance tests, the NBS velocimeter has 
been used successfully to plot water temperature and 
salinity against depth in the Chesapeake Bay. The 
velocimeter can also be used as an underwater control 
device in other ocean studies. 


Experimental Designs for Duplicate 
Measurements 


HE BUREAU has developed a type of statistical de- 

sign that makes it a to reduce greatly the 
effect of systematic errors in physical science experi- 
ments without increasing the oaks *r of measurements. 
Known as generalized chain blocks.’ the NBS designs 
require no more than two measurements for every ex- 
perimental condition. They have been found very 
useful in studying the performance of tires, the heter- 
ogeneity of standard samples for synthetic rubber com- 
pounding, and the sorption of dextran to collodion 
membranes, as well as in an interlaboratory study of 
analytical methods. 

The practice of making duplicate measurements has 
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long been common among physicists and chemists. Al- 
though systematic errors are often comparatively large 
in physical science experiments, the random errors in 
such measurements are usually very small. Thus the 
physical scientist is ordinarily more concerned with 
minimizing systematic errors than with running large 
numbers of re plicate experiments. 

Common methods for minimizing systematic errors 
are careful control of experimental conditions and the 
use of reference materials for periodic calibration of the 
measuring equipment. However, through the use of 
statistical designs it is often possible to eliminate, at 
least partially, the need for such elaborate precautions. 
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This is done by dividing the measurements into 
“blocks,” that is, groups of measurements that are 
either subject to the same systematic effects or in which 
measurable trends exist. Thus, for example, four sheets 
of rubber that are cured simultaneously in the same 
mold constitute a block even if systematic differences 
exist between the cavities of the mold. So long as these 
systematic differences are constant from one cure to 
the next, they can be statistically determined, and ap- 
propriate corrections can be applied to the data. 

Unfortunately, many statistical designs require con- 
siderably more than duplicate measurements in order 
that the proper “corrections” for block effects and intra- 
block trends may be readily computed. To overcome 
this disadvantage, John Mandel of the NBS staff has 
developed the generalized chain blocks. These designs 
require no more than two measurements for each con- 
dition included in the experiment, but they nevertheless 
permit the compensation of block effects and intrablock 
trends. An example is the arrangement shown in table 
1, in which 12 rubber compounds, represented by the 
letters A to L, are compared on the basis of duplicate 
cures for each. The rubbers are cured in sets of four 
because the mold consists of four cavities. 


TABLE 1 
Cure 
Cavity 1 2 3 4 5 6 
I A D i H I L 
II B C Fr G J KK 
III C E I I Kk A 
IV D I J L B 


On first inspection it may appear that if experi- 
mental conditions cannot be maintained rigorously 
constant for all six cures. rubbers that are not cured 
simultaneously, such as D and J, cannot be validly 
compared. However, in this design any pair of con- 
secutive cures has two rubbers in common. as do also 
the first and the last cures. For this reason, the cures 
are said to form a closed “chain”. 

Chain block designs were first introduced * by W. J. 
Youden and W. S. Connor, Jr.. of NBS. These in- 
vestigators showed how, by means of a chain relation- 
ship among blocks, block effects can be computed, and 
valid comparisons among the “treatments” (in this 
case, rubbers) can be made. Thé generalized chain 
block design shown above also eliminates block effects. 
but it has the additional advantage of eliminating intra- 
block trends (in this case, systematic differences be- 
tween the four cavities). This 


property becomes 


Rubber sheets containing standard samples for synthetic 
rubber compounding are removed from the vulcanizing 
press in the Bureau’s rubber laboratory. The general- 
ized chain block designs recently developed by NBS have 
proved very useful in studying the heterogeneity of the 
standard samples. For this purpose, the four sheets of 
rubber that are cured simultaneously in the same mold 
constitute a statistical block. 
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evident when the design is rewritten in the form shown 
in table 2, which differs from table 1 only in the order 
of the cures and cavities. 


TABLE 2 
Cure 
Cavity l 3 3 2 4 6 
I (A EK 1) D H 1.) 
III (C G Ix) I I A) 
II (B F J) ( G K) 
I\ (D H L I J B) 


The parentheses in table 2 show clearly that each 
pair of consecutive cavities (in the order I, III, I, IV) 
contains three rubbers in common. Thus, the design 
of table 1 is a closed chain block not only with respect 
to cures but also with respect to cavities. It therefore 
permits elimination of two kinds of systematic effects: 
those due to differences among cures (blocks) and 
those due to differences among cavities (rows). 

Designs of this type, known as chain block designs 
with two-way elimination of heterogeneity, are ex- 
tremely flexible. Provided the block contains an even 
number of items. any number of treatments that is a 
multiple of the chain even number can be compared, 
using only duplicate measurements for each treatment. 


‘For further technical details, see Chain block designs 
with two-way elimination of heterogeneity, by John 
Mandel, Biometrics 10, 251 (1954). For recent applica- 
tions of the generalized chain blocks, see Sorption of 
macromolecules to solid surfaces: I. Sorption of dextran 
to cellulose nitrate membranes in the presence of serum 
albumin and surface-active agents, by S. Rothman, J. 
Mandel, Florence R. McCann. and S. G. Weissberg, J. 
Colloid, Sci. (in press) ; and Measurement of treadwear 
of commercial tires, by R. D. Stiehler. G. G. Richey, and 
J. Mandel. Rubber Age 73, 201 (1953). 

* The chain block design, by W. J. 


Connor, Jr., Biometrics 9, 127 (1953). 


Youden and W. S. 














Portable Secondary 
Frequeney Standard 


HE BUREAU has designed and constructed a com- 

pact, high-stability one-megacycle frequency stand- 
ard, constant to a few parts in 1 billion per day. The 
standard employs an oscillator and a one-megacycle 
AT-cut quartz crystal unit in a bridge -balancing fre- 
quency-correction system. Developed by Peter G. 
Sulzer of NBS, the standard produces a frequency 
which is almost entirely independent of tube, com- 
ponent, and supply-voltage changes. Because of its 
convenient size and its use of relatively inexpensive, 
commercially available components, this secondary 
standard should prove to be a valuable tool both in the 
laboratory and in the electronics and communications 
industries. 

A widespread need exists for highly accurate second- 
ary standards of frequency and time. Such standards 
aie used for checking radio transmitters, making 
astronomical measurements, calibrating precision 
clocks, and a variety of other scientific measurements. 
In an effort to provide such standards, NBS is con- 
ducting a research program aimed at improving the 
characteristics of crystal-controlled oscillators. 

Experiments have shown that the characteristics of 
a crystal unit can be measured precisely in a resonance 
bridge. If an oscillator is adjusted to resonance with 
a highly stable crystal unit, the resonant frequency of 
the unit can be measured with a resolution of 1 10" 
or better. Such a system constitutes a useful frequency 
standard, particularly if continuous frequency adjust- 
ment is made by automatic means. 


Schematic diagram of oscillator, reactance tube, and out- 
put amplifier used in the NBS secondary frequency stand- 
ard. Some simplification of the circuitry was realized 
by making the crystal unit common to the bridge and the 
controlled oscillator. 








An experimental model of a bridge-balancing oscillator 
developed by NBS as a convenient, inexpensive secondary 
standard of frequency. This equipment provides a fre- 
quency accurate to a few parts in 10 billion per day and 
should prove useful in a variety of technical fields. 


In the system developed at NBS, the crystal unit is 
connected in a low-impedance bridge. The bridge is 
driven by an oscillator whose freque ney is variable 
over a small range. If the frequency of the oscillator 
differs from that of the crystal, the bridge produces an 
output voltage which is amplified by a null detector 
and rectified by a phase detector. The output of the 
phase detector is then used to actuate a control which 
decreases the frequency error. This form of control 
has been used by others.’ 

Two arms of the bridge consist essentially of a crystal 
unit (which may be called X) connected in series with 
a resistance (R) which is equal to the series-resonant 
resistance of X. These two circuit elements, together 
with an amplifier, also constitute a simple oscillator 
which oscillates near the series-resonant frequency of 
X. The bridge is completed by the addition of two 
equal resistances of a somewhat higher value than R. 
Since the crystal unit is common to the bridge and the 
controlled oscillator, some simplification of the cir- 
cuitry is realized. 

In operation a small capacitor (C) is switched alter- 
nately across one or the other of the equal bridge arms 
by means of a chopper. The bridge output is fed into 
the null amplifier, which has a voltage gain of approxi- 
mately 10°, and is rectified by another tube. Two 
other capacitors are charged alternately in synchronism 
with the switching of C by means of a second chopper. 
The difference in the voltages across these two capac- 
itors is used to actuate a reactance tube which varies 
the frequency of the oscillator over a small range. 
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Schematic of the temperature con- 
troller used in NBS _ high-stability 
oscillator. Circuitry is designed so 
that a change of 22° C in ambient 
temperature will produce a change 
of only 10 inside the oven. Such 
temperature control is necessary to 
obtain high-frequency stability. 


Lie aed be 


02 AT 50°C 


i. PACITANCES IN MICROFAR 
... PAPER CAPACITORS 600 VOL 


If there is no frequency difference between the os- 
cillator and the crystal unit, equal bridge outputs are 
obtained for the two switched positions of C. When 
this happens, equal voltages are placed across the two 
capacitors, and the reactance tube is not actuated. !f 
a frequency error does occur, however, different bridge 
outputs are obtained for the two positions of C, and 
frequency correction takes plac e. 

To realize the utmost in frequency stability, the 
crystal unit must be operated at a constant balance- 
temperature. In the NBS oscillator a temperature- 
sensitive bridge, which is wound on the walls of the 


Schematic diagram of the null amplifier 


NOTE: 


Vem) 3 ed ey el 
CAPACITANCES GREATER 
THAN | INU Uf ; OTHERS 
Dn 
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crystal-unit container, is supplied with a small amount 
of line-frequency power. If the bridge temperature 
differs from its balance temperature, an alternating 
output voltage at the line frequency is obtained. The 
output is amplified and applied to a phase-sensitive 
detector, which produces a direct voltage proportional 
to the bridge-unbalanced voltage. The d-c voltage is 
applied to the bridge, and the resulting heating power 
tends to drive the bridge to a balance. 
‘Quartz resonator servo—a new frequency standard, 


by Norman Lea, The Marconi Review, 17, No. 114, 6 
(1954). 


and detector used in secondary frequency standard. 
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Weights and Measures Conference 


EIGHTS AND MEASURES officials from 36 

States, the District of Columbia, and the Common- 
wealth of Puerto Rico met in Washington, D. C., May 
16-20 for the Fortieth National Conference on We ights 
and Measures. The official registration of 458 estab- 
lished a new record for Conference attendance. In 
addition, more than 200 manufacturing representatives 
of commercial weighing and measuring equipment, 
members of trade associations, and others interested in 
the activities of the Conference attended the meetings 
as associate members. 

The Conference is sponsored annually by the Na- 
tional Bureau of Standards whose interest stems from 
its responsibility for the custody, maintenance, and 
development of the national standards of measurement 
and the provision of means and methods for making 
measurements consistent with those standards. Conse- 
que ntly, the Bureau cooperates w ith the States in secur- 
ing voluntary uniformity in weights and measures laws 
and methods of inspection and laws through the Na- 
tional Conference on Weights and Measures. 

A major accomplishment of the Conference was the 
adoption of the report of the Committee on Specifica- 
tions and Tolerances, which presented a complete re- 
vision of the codes of specifications, tolerances, and 
regulations for commercial weighing and measuring 
devices. An addition to the Model State Law of the 
Conference, dealing with the marking of random-weight 
packages, was adopted upon recommendation of the 
Legislation Committee. The report of the Committee 
on Education dealt with weights and measures job 
descriptions. It also suggested, and the Conference 
adopted, a resolution that the Federal Government fur- 
nish free to the States new and uniform standards and 
balances. The Committee on Methods of Sale of Com- 
modities made recommendations relative to numerous 
items, and the Committee on Trading by Weight re- 
ported progress toward its objective of bringing about 
the sale of grains on the basis of weight instead of 
measure. 

The final report of the Special Flour Committee rep- 
resented a compromise between the coflicting views of 
flour packers and weights and measures officials. The 
conflict arose over the best method for controlling 
moisture loss from packaged flour. The Committee’s 
solution requires full net weight up to the time of de- 
livery of the flour to the retail outlet. After this time 
reasonable shortages resulting from moisture loss would 
not be considered improper. 

By means of motion pictures and discussion, the sub- 
jects of a simulated road test for taximeters and a new 
system for packaging milk and other fluids were pre- 
sented. “A True Standard”, a film produced by the 
National Bureau of Standards, also was shown. An 
entire afternoon session was devoted to a symposium 
on methods of proving liquefied petroleum gas liquid 
metering systems. 
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A report including a resolution regarding the fiscal 
requirement of the Bureau was made to the Conference 
by the Weights and Measures Advisory Committee, 
which was established last year to advise the Bureau 
on its weights and measures program. After accepting 
~ report of the Committee, the Conference nominated 

:. J. McCaffrey, Vice President of the Ralph N. Brodie 
C ‘ompany, and Seth T. Shaw, Vice President of Safeway 
Stores. Inc. for three-year terms on this six man Ad- 
visory Committee. The vacancies were caused by expir- 
ation of the terms of W. M. Harks and A. V. Hokanson. 

By adopting the report of its Executive Committee. 
the Conference modified and formalized its committee 
organization. The number of standing committees will 
ultimately be reduced from six to three, each comprised 
of five voting members. The Secretary of the Con- 
ference, ex officio, becomes a nonvoting secretary to 
each committee, and the scope of activity of each com- 
mittee is clearly defined. Also, the life of a select com- 
mittee is limited to 1 year and one l-year extension. 

The first day of this year’s meeting was devoted to 
open hearings before the several standing and special 
committees of the Conference. This plan, inaugurated 
in 1954, proved very valuable in providing an informal 
forum for the discussion of current prob lems and in 
guiding the committees in the formulation of their final 
reports. 

At the opening session members heard addresses by 
the Honorable Walter Williams, Under Secretary of 
Commerce, and Dr. A. V. Astin, Director of the National 
Bureau of Standards and President of the Conference. 
The balance of the 4 day program was comprised prin- 
cipally of the presentation and discussion of papers and 
committee reports. Additional topics treated by pro- 
gram speakers included the weights and measures pro- 
gram in a State department of agriculture, methods 
employed in building a strong weights and measures 
program, a new design for a precision 1,000-pound bal- 
ance, a cooperative program of public relations and 
education, factors contributing to package fill variation, 
weights and measures approval seals, sight glasses on 
retail liquid fuel dispensers, and the gaging and testing 
of farm milk tanks. 

Officers for the ensuing year were elected as follows: 
President, Dr. A. V. Astin; Vice Presidents, G. L. John- 
son (Ky.), W. A. Kerlin (Alameda County, Calif.), 

. A. Lyon (N. H.), J. E. Mahoney (Md.), M. A. Nel- 
son (Mich.), and W. K. Tripple (Norfolk, Va.) ; Sec- 
retary, W. S. Bussey (NBS Office of Weights and 
Measures); Treasurer, G. A. Austin, Jr. (Detroit. 
Mich.) ; Chaplain, Rev. R. W. Searles (Medina County. 
Ohio) ; Sergeant at Arms, Joseph Shaw (Passaic, N. J.). 

The 41st National Conference will be held in Wash- 
ington May 21-25, 1956. 


The Report of the Thirty-Ninth National Conference 
on Weights and Measures, 1954, is available. Order 
Miscellaneous Publication 212, 50 cents, from Govern- 
ment Printing Office, Washington 25, D. C. 
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Over-all view of the photoelec- 
tric colorimeter recently de- 
veloped by the Bureau for use 
in evaluating the colors of 
pyrotechnic smokes. The ap- 
paratus consists of (left to 
right) a chamber which con- 
tains the smoke to be ana- 
lyzed; the illuminators for 
lighting the chamber window: 
an assembly of filters and 
photomultipliers; and three 
photometers on which the in- 
tensities of the red, green, and 
blue components of the smoke 
are indicated. 





JYROTECHNIC SMOKES of various colors are 

used on the battlefield for ground-to-air signals to 
prevent inadvertent attacks by air forces on friendly 
troops. These smokes must be vividly colored to dis- 
tinguish them from the terrain and to minimize con- 
fusion with battle smokes. To aid in the production 
of more vivid smoke-colors and to determine if pur- 
chased smokes meet color specifications, the Bureau 
has developed an accurate, portable photoelectric 
colorimeter. Isadore Nimeroff and S. W. Wilson of 
the Bureau’s photometry and colorimetry laboratory 
designed and constructed the instrument. The work 
was ‘sponsored by the Army Chemical Corps. 

The NBS colorimeter uses a system of color measure- 
ment adopted in 1931 by the Commission Inter- 
nationale de ’Eclairage (C IE). This system reduces 
spectrophotometric data to color coordinates in three- 
dimensional space. Colors are expressed in terms of 
three functions which correspond roughly to the three 
primary colors—red, green, and blue—and desig- 
nated x, y, and 7% re spectively. The CIE system 
was chosen for use in the Bureau’s instrument because 
it correlates closely with the color response of an aver- 
age normal observer and can be readily converted to 
other color systems. 

The colorimeter consists essentially of a lens and 
three phototube-filter combinations mounted in a brass 
tube. A specially built 36-inch chamber, with a large 
window in one side. contains the colored smoke to be 
measured. Four 150-watt flood lamps uniformly illu- 
minate the chamber window. A blower is installed in 
the chamber to stir the smoke for uniformity and for 
exhaust purposes after an analysis. 

In making a color analysis. the light from a central 
area of the “chamber window is focused by the lens 
onto the three phototube-filter combinations. Electri- 
cal outputs of the phototubes are indicated on three 
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Colorimeter for Pyrotechnic Smokes 




























































































photometers, showing the intensities of the red, green, 
and blue components of the smoke. 

The multiplier phototubes view the chamber through 
filters designed to approximate the three daylight CIE 
standard observer functions. As the CIE ¥ and 
z-functions are unimodal, filter design is easily accom- 
plished for these two functions. However. to approxi- 
mate the two lobes of the bimodal x-function, it was 
necessary to design a special divided filter. 

Earlier techniques for approximation of the X-func- 
tion have used either numerical or electrical addition 
of a portion of the Z-function to the long-wave lobe of 
the X-function. In the NBS colorimeter, this approxi- 
mation is accurately made by using a filter divided into 
two sectors. One sector has spectral transmittance 
approximating the long-wave (red) lobe; the other has 
spectral transmittance approximating the short-wave 
(blue) lobe of the X-function. 

Measurements made on the colorimeter have been 
compared with visual estimates of the colors in terms 
of Munsel color charts. The results indicated that the 
CIE tristimulus standard observer functions have been 
adequately approximated, and that edge effects and rear 
wall reflection effects in the chamber are negligible. 

With some slight modification, the NBS colorimeter 
should be useful in other types of color evaluation. 
For example, the transmitted color of a translucent 
material might be measured by mounting the illumi- 
nating lamps beyond the chamber and turning them to 
face the photocells with the material inte rposed. The 
colorimeter could also be used to investigate the color 
fidelity of a color television tube. In this use, the tube 
under investigation would replace the chamber, and 
the illuminating lamps would not be necessary. 


For further technical details, see A colorimeter for 
pyrotechnic smokes, by |. Nimeroff and S. W. Wilson, 
J. Research NBS, 52, 195 (1954) RP2488. 
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Leather 


~ IGNIFICANT IMPROVEMENTS in leather impreg- 
nation techniques have resulted from pilot-plant 
studies ' conducted by the National Bureau of Standards 
under the sponsorship of the Navy Bureau of Supplies 
and Accounts. By varying the impregnating process, 
the Bureau has been ab le to produce long wearing 
leathers having various degrees of wate rproofne ss, flex- 
ibility, and water-vapor transmission. Methods have 
also been developed for imparting a more pleasing 
appearance to the impregnated leather.’ The pilot-plant 
investigation was carried out by René Oehler, J. H. 
Davis, ‘and R. A. Kinmonth of the leather laboratory. 
In 1949, the Bureau developed a method for greatly 
increasing the wear and water resistance of leather 
by impregnation with natural rubber.’ Four years 
later the process was extended to permit the use of 
polyisobutylene as an impregnant.' Laboratory tests 
have shown that the treatment increases wear by about 
80 percent and reduces water absorption by about half. 
Since crust sole leather containing a minimum amount 
of uncombined tannins is used, considerable saving in 
tanning materials is effected. Furthermore, impregna- 
tion increases the wear of belly and shoulder leather so 
that it is about equal to high-quality sole leather. The 
NBS pilot-plant studies were undertaken to bridge the 
gap between the earlier laboratory studies of impregna- 
tion and large-scale industrial application of the process. 


Impregnating leather with polyme rs in the Bureau’s pilot 
plant. The large galvanized-iron vat contains the im- 
pregnation solution. During impregnation the bend of 
leather is mechanically raised and lowered in the vat to 
simulate the motion of tannery rockers. Infrared lamps 
(lower left) heat contents of the vat. The NBS pilot- 
plant study has provided methods for obtaining an im- 
proved product at lower cost. 
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Impregnating 





Recent NBS developments in 
leather impregnation include 
a method for restoring the 
original appearance of leather 
after impregnation. Photo- 
graph shows the dark appear- 
ance of impregnated shoulder 
leather and the original light 
appearance restored by addi- 
tional treatment. This leather 
was impregnated with a blend 
of Butyl rubber and polmer- 
ized wood rosin. 


The pilot-plant investigation involved the impregna- 
tion of leather with polyisobutyle ne and various poly- 
mer blends. For impregnation with polyisobutylene, 
the treatment ordinarily consists in soaking the leather 
at 40° C (104° F) for 3 hours in a 35- to 40-percent 
solution of polyisobutylene dissolved in mineral spirits. 
Dried vegetable-tanned crust bends of leather are used, 
with or without grain. After removal from the solution, 
the bends are drained for 1 hour, washed in the solvent 
for 1 minute, allowing excess solvent to drain, and 
dried at 40° C to remove the solvent. Various modifi- 


cations were introduced in this procedure in order to 
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study the effect of different conditions on the impregna- 
tion process. 

A forced-draft oven was used for drying before im- 
pregnation and for removing solvent after impregna- 
tion. However, satisfactory ‘drying could probably be 

carried out in a tannery dry loft. Practically the only 

other equipment consisted of vats for soaking the bends 
in the impregnating solution and for w ashing them with 
solvent afterwards. The vats used in the pilot plant 
were of 16-gage galvanized sheet iron and were 4 feet 
long, 3 feet high, and 1 foot wide. Their contents were 
heated by six 250-watt infrared lamps. During the im- 
pregnation period the bends were slowly raised and 
lowered to simulate the motion of tannery rockers. The 
gentle movement of the bends also served to stir the 
solution and thus prevent localized overheating. 

Experiments were carried out to study the effect of 
temperature, concentration of polyisobutylene. and 
time of impregnation on the extent of deposition in 
vegetable-tanned crust leather. For solutions in the 
useful concentration range (30 to 40 percent), there 
was no significant difference in the rate nor in the 
extent of deposition of polyisobutylene at 23° and at 
60° C. However, the cleaning of 40-percent solutions 
of polyisobutylene from the surface of the immersed 
leather is greatly facilitated by warming to 40° C. 
The amount of poly isobutylene deposited was found to 
be a linear function of the concentration of the polymer 
in the impregnation solution. Under most conditions 
of solution concentration and temperature. deposition 
of polyisobutylene was essentially complete within 1 
or 2 hours. 

It was found that when certain hard, low-molecular- 
weight resins are blended with polyisobutylene or Buty] 


Equipment used in the pilot plant for dissolving polyiso- 
butylene in mineral spirits to form an impregnating 
solution. A large drum, containing the ingredients, is at- 
tached to the tumbling mechanism at lower right, and the 
asbestos-lined cover (upper right) is lowered over it. As 
drum is rotated by tumbler at 12 rpm, contents are 
heated to 60° C by infrared lamps within the asbestos- 
lined cover. 
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In the rubber-impregnation pilot-plant, a forced-draft 
oven is used for drying leather bends before impregna- 
tion and for removing solvent afterwards. 


rubber in the impregnant, leather of almost any desired 
stiffness can be produced. Other qualities, such as 
water-proofness and flexibility, can be varied in this 
way. The low-molecular-weight blending resins also 
reduce solution viscosity and thus decrease impreg- 
nation time. Furthermore, the low-viscosity solutions 
drain so well from the leather when it is removed from 
the impregnating bath that no manual cleaning or 
washing with solvent is necessary. 

Substitution of other polymers for polyisobutylene 
also provides economic advantages as many of these 
materials are less expensive than polyisobutylene. The 
blending resin may be regarded as a diluent or solvent 
for polyisobutyle ne, or the polyisobutylene may be 
considered as a plasticizer for the harder resin. Poly- 
mers recommended for blending with polyisobutylene 
include coumarone-indene. semihard hydrocarbon 
resin, and polymerized rosin. The cost of treating 1] 
pound of vegetable-tanned crust leather with a polymer 
blend is estimated to be about 4 cents, based on a 
15-percent gain in weight with impregnation. 

Impregnated leather often has an objectional color 
or general appearance which materially reduces the 
sales value of the final product. To eliminate this dis- 
advantage, the Bureau developed a method that restores 
the original appearance of vegetable-tanned crust sole 
leather after it has been treated with various types of 
impregnants. Laboratory tests indicate that the leather 
can then be dry- or wet-rolled and finally waxed and 
brushed as desired. 











Left: In the pilot plant, the leather bends are weighed before and after impregnation to determine amount of poly- 
mer required for process. Right: A small experimental roller used to finish some of the impregnated soles. 


In this method, the air-dry impregnated leather is 
first treated with one or more good solvents for the 
impregnation material. These solvents are used suc- 
cessively to remove the impregnant from the leather 
surfaces. Then the leather is immediately placed in 
one or more poor solvents for the impregnant, used 
successively to dilute and remove the solvent or sol- 
vents originally employed and to stop solvent action on 
the impregnant. Each successive solvent must be misci- 
ble with the preceding solvent. From the losses of im- 
pregnant and solvent observed in the pilot plant. the 
material cost of treating 1 pound of impregnated leather 
in this way is estimated at about one-half cent. As a 
final step, a latex-pigment finish can be applied and 
stamped with an embossed grain. Such a finish is quite 


inexpensive and lends itself to almost any color from 


light buff to black. 


*For further technical details. see A pilot plant study 
of the process for treating heavy leather with polyiso- 
butylene and other polymers, by René Oehler, John H. 
Davis, and Raymond Kinmonth, J. Am. Leather Chem. 
Assoc. 50, 16 (1955). 

“See Method for restoring original appearance of im- 
pregnated leather, by John H. Davis and René Oehler, 
J. Am. Leather Chem. Assoc. 50, 38 (1955). 

‘Impregnation of leather with natural rubber, VBS 
Technical News Bulletin 33, 141 (Dec. 1949). 

‘Treatment of leather with polyisobutylene, by René 
Oehler, T. J. Kilduff, and S. Dahl, J. Am. Leather Chem. 
{ssoc. 47, 642 (1952) ; Butyl-impregnated leather, VBS 
Technical News Bulletin 37, 44 (March 1953). 


Gravity Warm-Air Heating of Basementless 
Houses 


N INVESTIGATION of the performance of a gas- 
fired wall heater installed in a basementless house 

has recently been completed by NBS. Sponsored by the 
Federal Housing Administration, the study was con- 
ducted in the Bureau’s test bungalow by O. N. McDor- 
man and P. R. Achenbach of the NBS heating and 
air-conditioning laboratories. The purpose was to de- 
termine the temperature distribution produced in the 
test bungalow by a typical wall heater using either 
gravity circulation of the air or a small booster fan. 
Horizontal and vertical temperature gradients were ob- 
served as a basis for judging the acceptability of this 
type of heating system for various climates and for 
houses of different sizes. The observed heat loss of the 
test house was also compared with computed values to 
determine whether the capacity rating of a gravity warm 
air furnace should be reduced by some fixed percentage 
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when such a furnace was located on the living level of 
a one-story house. 

The results reveal that the heat loss of the structure 
was not significantly greater than for other similar heat- 
ing methods where the heating unit is entirely enclosed 
in the heated space. It was also found that ceiling in- 
sulation is desirable to restrict heat loss upward and 
to promote radiation downward from the warm ceiling 
surface. 

The test bungalow was constructed at the National 
Bureau of Standards for research in heat transfer 
phenomena. It has four rooms, a bath, and a small 
central hallway. Its floor area of 616 sq ft approaches 
the lower limit of acceptable area for detached single- 
family dwellings. Entire heating systems can be in- 
stalled in the bungalow to obtain data for estimating 
the performance of these heating devices in actual 
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Interior view and floor plan of NBS test bungalow showing arrangement used for studying the performance of a cen- 
trally installed gravity warm-air heating unit. Temperature distribution throughout the house was determined by 
means of thermocouples enclosed within the 3-in. cork spheres. The entire house is enclosed within an insulated 
shell so that the temperature outside the house can be maintained at any level found in the United States. Heating 
systems can be installed in the bungalow to obtain data for estimating their performance in actual dwellings. 


dwellings. The bungalow is entirely enclosed by an 
insulated shell so the temperature outside the house 
can be maintained at any level that might be encoun- 
tered throughout the United States. 

In the present investigation, the heater was located 
near the center of the house. The distance from the 
supply grille to the most remote doorway of a connect- 
ing room was about 5 ft and the distance to the center 
of the most remote room was about 11.5 ft. There was 
no more than one doorway between the heater and any 
room to be heated. Thus, the installation was favorable 
to good temperature distribution from the standpoint of 
floor area to be served, heater location, room arrange- 
ment, and distance from the heater to each of the 
connecting doorways. 

The wall heater, with or without a booster fan, deliv- 
ers a supply of warm air from one or more grilles whose 
center lines are typically 78 to 80 in. above the floor 
level. Since practically no duct system is used, the 
heater can deliver warm air directly into only 1, 2, or 3 
rooms, depending on the heater location. Thus there 
may be one or more rooms that must be warmed by 
air movement in both directions through doorways. 
In the rooms heated directly by supply grilles, the heated 
air warms the ceiling by conduction and convection. If 
the ceiling is adequately insulated. it in turn radiates 
significant amounts of heat to the floor. walls, and oc- 
cupants of the house. For example, in one test, the 
average ceiling surface temperature in the living room 
was 102° F. Previous studies of a ceiling panel heating 
system showed that the heat emission from the ceiling 
surface at that temperature was about 35 Btu/hr per 
sq ft. 

Since the warmest air is near the ceiling, the heater 
delivers very little warm air below the level of the top 
of the doorways. Therefore, the air that can pass to 
connecting rooms through doorways is at a lower tem- 
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perature and conveys less heat to these rooms. There is 
much less radiation from the ceiling of rooms heated 
through connecting doorways. For example, the aver- 
age ceiling temperatures of the bathroom and two bed- 
rooms ranged from 75° to 80° F. 

With gravity circulation of air through the heater, 
none of the warm air is delivered directly to the lower 
half of the room. However, cooling of the room air 
at the exterior walls causes downward convection cur- 
rents. The temperature of the lower part of the room 
is determined by the temperature of these downward 
currents except when appreciable radiation occurs from 
the ceiling. The air circulation rate through the heater 
by natural convection was between 200 and 250 cu ft 
min—probably much less than the total natural down- 
ward convection at all the exterior walls of the house. 
Consequently, the lower portions of the rooms could 
only be warmed as the downward currents of air at the 
exterior walls became warmer, except for radiation 
effects from the ceiling. Since the booster fan increased 
the air circulation through the heater no more than 20 
to 30 percent, it is probable that the booster fan forced 
little warm air into the lower part of the room. 

The temperature distribution within the test bungalow 
was ascertained by means of 200 thermocouples en- 
closed in 3-in. cork spheres. They were located at 
five stations and five levels in each of the four large 
rooms; three stations and five levels in the bath; and 
suitable stations on the floor. in the ceiling surface, on 
the sidewalls, in the basement, in the attic, and out of 
doors. Additional thermocouples of the parallel multi- 
ple-junction type were placed at the heater inlets and 
outlets. The absolute values of the heat transmitted to 
the attic were determined with the aid of 20 heat-flow 
meters placed over the first layer of rock-wool insula- 
tion in the attic. 

After steady state conditions had been maintained in 
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Distribution of temperature versus height from floor 
inside one room of the NBS test bungalow during evalua- 
tion of the gravity warm-air heater. Results of investi- 
gation show that the heat loss of the structure was not 
significantly greater than for other similar heating 
methods where the heating unit is located entirely in the 
heated space. 


outside and inside temperatures for approximately 8 
hours, test periods of about 12 hours were begun. 
Inside temperatures at approximately 150 stations were 
recorded at 4-hour intervals. Hourly recordings were 
made of the following te mperatures: Outside air, 30-i in. 
level at five room centers, 5 positions in basement, 
locations on furnace, gas supply temperature, and 1 
location in the closet. Gas consumption, electrical 
energy used for lighting the house, electrical energy 
consumed by fan motors, and gas pressure were re- 
corded hourly. 

The test data do not provide specific answers to all 
questions that might be raised about gravity warm air 
heating of basementless houses. However, they do pro- 
vide information on the temperature distribution pro- 
duced by this type of heating system and offer some 
guidance in its application to small houses. 

The test results at an outdoor temperature of about 

5° F show that the heater was able to produce a 
temperature of 70° F or higher at the 30-in. level in all 
rooms with either 2 or 3 supply grilles when the booster 
fan was in operation. With gravity circulation of the 
air under these conditions, it did not warm the two 
bedrooms and bath to 70° F at the 30-in. level. How- 
ever, the temperature difference between the 2-in. and 
60-in. levels was about 19 deg F with the booster fan 
in operation and 15.5 deg F with gravity circulation 
of the air. Experience with this he ating system and 
with other systems indicates that people begin to ex- 
perience discomfort if the temperature at the 2-in. level 
falls below 65° F or if the temperature at the 60-in. 
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level exceeds 80° F. By this criterion, at an outdoo: 
temperature of —5° F, some of the rooms would be 
too warm at the 60-in. level with the booster fan operat- 
ing. and some would be too cold at the 2-in. level with 
gravity circulation. 

Heating engineers commonly compute heat losses fo: 
dwellings on “the basis of an indoor te mperature of 
70° F. However, it is generally recognized that in 
the United States indoor temperatures ranging up to 
75° F are preferred by normally clothed adults. It is 
probable that at the 30-in. level a 5-deg F variation 
of temperature between rooms val not be excessive 
as long as none of the temperatures was below 70° | 
or above 75° F and provided the vertical temperature 
differences in the living zone were not excessive. By 
this criterion the temperature distribution attained in 
the test bungalow with the heater used for this investi- 
gation would hardly be acceptable at an outdoor tem- 
perature of —5° F but would be acceptable at an 
outdoor temperature of 15° F. 

The results observed in the test bungalow with the 
test installation, for which the maximum distance be- 
tween the heater outlet and the center of any room did 
not exceed 1114 feet. indicate that the limit of 18 ft 
specified for this distance in the FHA Minimum Prop- 
erty Requirements Revision No. 51 is a liberal limit. 
The distance from the heater outlet to the center of the 
coldest room was only 9 ft. Probably few installations 
would have more favorable characteristics than the test 
installation for good distribution of heat by this method 
with respect to floor area, central location of the hall- 
way, and central location of the heater. However. 
some larger houses could have a lower heat loss than 
the test bungalow if more insulation were used thus 
decreasing the temperature difference between levels 
and between rooms. The computed heat loss of the 
test bungalow was about 51 Btu/hr per sq ft of floor 
area for an indoor-outdoor temperature difference of 
70° F. 

The heat loss of the test bungalow was computed 
using the method described in the Guide of the Ameri- 
can Society of Heating and Air-Conditioning Engineers. 
On the average, the computed heat loss values were 
about 5 percent higher than the observed values. In 
a particular installation of this type the relation be- 
tween computed and observed heat loss of a house 
would depend on whether the thermostat was set to 
produce a desired temperature in the warmest room or 
in the coldest room since there would probably be a 
temperature difference between rooms. For an indoor 
temperature of 70° F and an outdoor temperature of 

5° F at the test installation, approximately 10 per- 
cent more heat was required for the whole house when 
the coolest room was warmed to 70° F than when the 
warmest room was heated to 70° F. 

It was concluded from the investigation of the speci- 
men wall heater in the test bungalow that this type of 
heater—with or without a booster fan—should be used 
only in areas where the winter design temperature is 
0° F or higher. However, application in colder cli- 
mates might be satisfactory in some cases where the 
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heat loss of the house is significantly lower than 50 
htu/hr per sq ft of floor area at design outdoor tem- 
peratures. This conclusion is based on observations 
made when the outdoor temperature was —5° F, for 
which (1) the heater was not able to produce a tem- 
perature of 70° F at the 30-in. level in the center of all 
the rooms without the booster fan. (2) the vertical 
temperature differences were as high higher than 
the limit considered acceptable, and (3) the maximum 
temperature difference between the rooms was a little 


greater than 5° F at the 50-in. level and considerably 
greater than 5° F at other levels above the floor. 


For information on other types of small-house heating 
systems, see Temperature distribution in a test bungalow 
with various heating devices, by R. S. Dill and P. R. 
Achenbach (BMS 108), and Scenes in a test 
bungalow with some radiant and jacketed space heaters, 
by P. R. Achenbach (BMS 114). These pubications 
are available from the Superintendent of Documents, 
Washington 25, D. C., for 10 cents and 25 cents, respec- 
tively. 
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LABORATORY METHOD for predicting the flight 
£\X performance of aerological sounding balloons has 
been developed by G. M. ‘Martin, John Mandel, and 
R. D. Stiehler of NBS. The method effectively simulates 
actual flight conditions by giving a small sample of the 
balloon material a two-dimensional stretch at te mpera- 
tures approximating those encountered at high alti- 
tudes. From measurements made on the stretched 
material, the maximum altitude to be expected in flight 
can be computed. 

Sounding balloons are used in large quantities by 
military and civilian weather services to obtain meteor- 
ological data on the upper air. The balloons carry 
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radiosondes up into the stratosphere so that weather 
conditions at heights of 9 to 18 miles above the earth 
may be measured and the data transmitted to a receiving 
station on the ground. At such altitudes the tempera- 
ture may be as low as —70° C. Also, ozone, ultra- 
violet and cosmic radiations are much more prevalent 
than on the surface of the earth. These conditions, as 
well as the decrease in pressure with altitude, all have 
a bearing on the height to which an aerological sound- 
ing balloon will rise before bursting. 

In this country sounding balloons are usually made 
of a Neoprene film with an unstretched thickness of 
about 0.003 in. and a weight of 500 to 600 grams. They 
are inflated with hydroge nor helium to a specified lift 
and, when released, rise about 0.3 km/min. 

Actual flight tests have been used in controlling the 
manufacturing process and in rejecting balloons of in- 
ferior quality. Because of the inherent wastefulness 
and expense of flight-testing, the Navy Bureau of Aero- 
nautics recently requested the Bureau to study the 
factors involved in the flight of sounding balloons with 
a view to developing ane fective laboratory method for 
evaluating balloon materials. 

Various laboratory methods have been tried on regu- 
lar production lots in the past, but the results did not 
correlate well with the flight elevations attained in 
service. For example, balloon inflation tests using air 
at room temperature are easily carried out, if space is 
available. but are not indicative of properties at the 
lower temperatures encountered in service at high alti- 
tudes. Brittleness tests, involving the sudden bending 
of the specimen at low temperature, are likewise inade- 
quate because in flight the film is stretched gradually 
while it is being cooled. Conventional tensile tests using 
dumbbell specimens at low temperature are extremely 
variable and do not provide the two-dimensional stretch 
which the gradually expanding balloon experiences as 
it rises. The Bureau therefore undertook to develop a 
test involving a gradual two-way stretch at temperatures 
approximating those encountered in flight. 

In the NBS test, a circular piece of the film is clamped 
around its circumference and inflated until it bursts. 
As the film expands, it is transformed from a flat surface 
into first a hemisphere, then a sphere with a section cut 
off, and finally an oblate spheroid. Measurements are 
made of the differential pressure across the patch, the 
distance between bench marks on its surface, and the 
maximum dimension of the patch. Fifteen to twenty 
minutes are required for each patch test. 
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Inflation is carried out inside a cold box maintained 
at the desired temperature by a detachable servo unit. 
The patch is inflated with superdry nitrogen in order 
to introduce as little water 
cold chamber. 
its container through a two-stage pressure regulator, a 
needle valve, a flowmeter, and then into a large copper 


vapor as possib le into the 
The compressed nitrogen passes from 


tube inside the cold box, where it is cooled before 
coming into contact with the patch. 

To measure elongation, a circle, 1 cm in diameter, is 
marked at the middle of the patch. During inflation the 
diameter of the circle is read on a flexible scale that 
rests lightly on the patch and follows the shape of its 
upper surface. The scale is observed through a remov- 
able thermopane window in the top of the cold box. 
This measurement in centimeters is taken as the elonga- 
tion of the central area of the patch. 

The differential pressure across the patch is deter- 
mined with a mercury manometer or a pressure-sensi- 
tive bellows connected to an electrical measuring sys- 
tem. The major diameter at burst is measured by 
means of two freely moving pistons with flat heads, 
which are pushed outward “by the expanding patch. 
The distance between the pistons is read on a steel scale 
after the patch has burst. 

To better approximate flight conditions, the patch is 
given a prestretching at a temperature higher than at 


Plot of differential pressure versus elongation in NBS 
patch tests of aerological balloon materials at —60° C. 
The curve ends at a point representing the average dif- 
ferential pressure and elongation at failure (Pui: and 
E.i:) for the 18 patches tested. The minimum bursting 
pressure (Pin) is two standard deviations below the 
average bursting pressure. The effective elongation 
(E.+:)—used in estimating flight performance—is the 
abscissa corresponding to Pin. 
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Equipment developed for evaluating aerological sound- 
ing balloons under conditions similar to those encoun- 
tered in flight. Within cold box at right, a circular 
piece of balloon material is given a two-dimensional 
stretch beginning at —40° C and continuing at —60° C 
until failure. Manometers above cold box measure dif- 
ferential pressure across the patch as it is inflated with 
nitrogen from tank behind box. At left is a chamber 
containing dry ice for refrigeration. From pressure and 
elongation data, quality of the balloon material is 
estimated. 


burst. Thus, inflation is begun at —40° C and is 
continued at a constant rate. When the circle at the 
center of the patch reaches a diameter of 2.5 cm, the 
temperature is reduced to — 60° C and is held at this 
level until the patch bursts. Five to ten minutes are 
required to cool the air from —40° to —60° C. These 
conditions correspond rather closely to those encoun- 
tered in balloon flights at night. when lower tempera- 
tures are experienced than in daytime. 

From the data are obtained the average ultimate 
elongation and bursting pressure of the balloon mate- 
rial tested. In a perfectly uniform spherical balloon 
these results would apply to the entire balloon. How- 

ever, there is actually considerable variation in strength 
over the surface of a balloon, partly because of varia- 
tions in thickness. Thus. when the weakest part fails, 
most other parts of the balloon will be considerably 
below their ultimate elongations. In general, this 
means that a balloon will burst at a smaller volume and 
lower elevation than would be anticipated if the average 
ultimate elongation and the average bursting pressure 
of the film were used to estimate the flight performance 
of the balloon. How much lower the bursting altitude 
will be depends on the amount of variation in the stress- 
strain characteristics of the rubber. 

To take into account this patch-to-patch variation, 
the final estimate of balloon material quality is based 
on two statistically determined quantities: the effective 
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View within cold box, showing close-up of low-tempera- 
ture patch test for aerological balloon materials. A cir- 
cular patch of balloon material (center) is being inflated 
with nitrogen. A flexible scale for measuring elongation 
of material is resting on patch. Major diameter of patch 
at burst is determined by means of two movable pistons 
with flat heads at upper left and lower right. 


elongation and the minimum bursting pressure. The 
effective elongation is defined as the average elongation 
of the entire balloon film at the differential pressure at 
which the weakest part will fail. It is determined from 
the estimated minimum bursting pressure. First, the 
standard deviation in bursting pressure is found for the 
patches tested, and a multiple of this standard deviation 
is subtracted from the average bursting pressure to get 
the estimated minimum bursting pressure. It has 
been found empirically that an appropriate value for 
this multiple is 2. Thus the patch bursting pressure 
used to estimate flight performance is two standard 
deviations below the average bursting pressure of the 
patches tested. 

For each patch tested, the various differential pres- 
sures are plotted against the corresponding elongations. 
The estimated effective elongation is then taken as the 
abscissa corresponding to the minimum bursting pres- 
sure. The values of effective elongation, and minimum 
bursting pressure thus obtained can be used to estimate 
the maximum flight elevation of the balloon by sub- 
stitution in a Bureau-developed flight equation. 

Comparison of the results of NBS patch tests with 
data obtained on actual night flights indicates that the 
estimated effective elongation is a good measure of the 
quality of a balloon. Provided the same number of 
balloons are tested as are flown, the reproducibilities of 
laboratory and flight tests are about the same. In one 
experiment, for example, the standard deviation of 
predicted elevations was found to be 2.7 km. The 
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standard deviation in actual night-flight elevations of 
balloons from the same group was 2.1 km. 

While the NBS patch test gives results that show 
significant correlation with flight elevations, it cannot 
be expected to replace flight tests completely. Actual 
flight performance may differ from that predicted by 
the patch test because of the action of ozone at high 
elevations: the concentration of stresses in certain parts 
of the film, such as the region where the neck joins the 
body of the balloon; the different rates of stretching; 
the different temperatures experienced in flight; and 
possibly other factors not yet understoood. Also. the 
distribution of patch bursting pressures may be differ- 
ent for different balloons, which may cause errors in 
the estimation of minmum bursting pressures and thus 
reduce the accuracy of the predicted elevations. How- 
ever, the patch test should be very useful in plant con- 
trol and in the development of new balloon materials. 


For further technical details, see Aerological sounding 
balloons, by Gordon M. Martin, John Mandel, and Robert 
D. Stiehler, J. Research NBS 53, 383 (1954) RP2557. 
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RP2595. A study of some strontium aluminates and calcium- 
strontium aluminate solid solutions. Elmer T. Carlson. 

RP2596. A measurement of the velocity of propagation of very- 
high-frequency radio waves at the surface of the earth. 
Edwin F. Florman. 

RP2597. A study of the system magnesium oxide-magnesium 
chloride-water of magnesium oxychloride. Edwin D. New- 
man. 

RP2598. Dielectric relaxation for spherical molecules in a 
crystalline field: Theory for two simple models. John D. 
Hoffman and Benjamin M. Axilrod. 


Cireulars 


C561. Reference tables for thermocouples. Henry Shenker, 
John I. Lauritzen, Robert J. Corruccini, and S. T 
50 cents. 


. Lonberger. 


Publications in Other Journals 


Eddy-current mutual-inductance transducers with high-conduc- 
tivity reference plates. Horace M. Joseph and Nathan New- 
man. Commun. and Electronics (Amer. Inst. of Elect. Eng., 
33W. 39th St., New York 18, N. Y.) No. 17, Paper 55-4 
(March 1955). 
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